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Introduction {#sec005}
============

Dementias associated with Lewy bodies are traditionally classified as dementia with Lewy bodies (DLB) or Parkinson's disease dementia (PDD). The clinical characteristics of PDD and DLB are similar, mainly because of their shared neuropathology. These two diseases are also classified as Lewy body dementia (LBD) because Lewy-related pathology (intraneuronal aggregates of misfolded a-synuclein) is a hallmark of both diseases \[[@pone.0205909.ref001]--[@pone.0205909.ref003]\].

Neuropsychiatric symptoms (NPSs) such as delusions and hallucinations are commonly present in different types of dementia, including Alzheimer's disease (AD) and LBD \[[@pone.0205909.ref004]--[@pone.0205909.ref007]\]. However, manifestations of NPSs vary among dementia types. For example, delusions occur early and for almost the entire course of all dementia types \[[@pone.0205909.ref006]\], whereas visual hallucinations (VHs) vary among dementia types with regard to their frequency, association with dementia severity, and contents \[[@pone.0205909.ref004]--[@pone.0205909.ref007]\]. One study reported that VHs occurred with high frequency and in earlier stages of DLB, but not in AD \[[@pone.0205909.ref003]\]. VHs are present in at least 60% of patients with DLB \[[@pone.0205909.ref008], [@pone.0205909.ref009]\], whereas their comorbidity with PDD is slightly lower, with similar contents \[[@pone.0205909.ref004]--[@pone.0205909.ref007], [@pone.0205909.ref010]\]. Typically, patients with LBD perceive complex, well-formed images of people, animals, or objects, which may recur several times a day. Studies of VHs in patients with DLB or PDD have revealed that, unlike for those with AD, VHs could occur prior to dementia onset, that is, in the mild cognitive impairment (MCI) stage \[[@pone.0205909.ref011]\].

Psychotic symptoms are also risk factors for the evolution of PD to PDD. However, studies on the frequency of VHs in PD-MCI or mild PDD are few, and comparisons between PDD and DLB concerning VHs in the very early stage of dementia remain insufficient. Given how common VHs are in LBD, it would be useful to know if their occurrence early in the course of dementia can help to differentiate between DLB, PDD, and AD. To achieve this aim, we enrolled a relatively large sample of patients with DLB and very mild (0.5) dementia according to the clinical dementia rating (CDR) scale and compared them with patients with PDD and AD.

Methods {#sec006}
=======

Participants {#sec007}
------------

We conducted this retrospective study using a register-based database of all patients who visited our hospital's dementia clinic from October 1, 2015 to September 30, 2017. The demographic data included age, disease onset age, sex, education, disease duration, and use of antipsychotics or antiparkinsonians at the time of visit. A dementia diagnosis was made according to the major neurocognitive disorder criteria in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V). Diagnosis of PDD was made according to the clinical criteria for probable PDD developed by the Movement Disorder Society (MDS) in 2007 \[[@pone.0205909.ref010]\]. Diagnosis of DLB was made according to the revised consensus criteria for probable DLB developed in the third report of the DLB consortium \[[@pone.0205909.ref003]\]. To avoid the contribution of VHs in DLB diagnosis, we excluded VHs from the core DLB diagnostic features in the consensus criteria; more specifically, only fluctuation and parkinsonism were regarded as core features for a DLB diagnosis. Diagnosis of AD was made according to the criteria for dementia due developed by the diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease \[[@pone.0205909.ref011]\].

Assessment of VHs and other NPSs {#sec008}
--------------------------------

All patients and their main caregivers were interviewed by a trained neuropsychologist for assessment of the 12-item Neuropsychiatric Inventory (NPI), based on observations within the past month. The NPI is a validated, standardized, and widely used instrument developed specifically for neuropsychiatric symptoms of dementia \[[@pone.0205909.ref012], [@pone.0205909.ref013]\]. The 12-item NPI comprises delusions, hallucinations, agitation, depression, anxiety, euphoria, apathy, disinhibition, irritation, aberrant motor behavior, night behavior, and eating/appetite behavior. All the items were rated for symptom frequency from 1 (occasionally) to 4 (very frequently), for symptom severity from 1 (mild) to 3 (severe), and for caregiver burden from 0 (none) to 5 (extreme) \[[@pone.0205909.ref012]\].

Assessment of disease severity and cognitive function {#sec009}
-----------------------------------------------------

The global severity of dementia was assessed according to the CDR scale and CDR sum of boxes (CDR-SB) \[[@pone.0205909.ref014]\]. To differentiate from MCI, only patients with CDR scores of 0.5 with impaired daily function were enrolled for assessment. Impaired daily function was defined by a total score of \<7 on the Instrumental Activities of Daily Living Scale \[[@pone.0205909.ref015]\]. Cognitive function was assessed using the Montreal Cognitive Assessment (MoCA) \[[@pone.0205909.ref016]\] and the Cognitive Abilities Screening Instrument (CASI) \[[@pone.0205909.ref017]\]. Cognitive tests for all patients were performed by three trained neuropsychologists. Dementia and its subtypes were agreed upon by consensus among two neurologists, one geriatric psychiatrist, one doctor of nuclear medicine, and one neuropsychologist. All patients received cerebral CT or MRI scans and blood screening tests for dementia workup. Some patients also received dopamine transporter imaging using a Tc-99m TRODAT-1 SPECT because of parkinsonian symptoms.

Data analysis {#sec010}
-------------

The Chinese version of SPSS version 19.0 for Windows (IBM, SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Comparisons among the PDD, DLB, and AD groups for demographic data, CDR-SB, CASI, MoCA, and the NPI composite score (frequency × severity) were analyzed using one-way analysis of variance together with either Bonferroni or Dunnett T3 post hoc analysis, according to the homogeneity of variance. Sex, clinical features, and the use of antipsychotics or antiparkinsonians were analyzed using a chi-squared test. Multiple logistic regression analysis was used to compare associations for all patients, and the following factors were also compared between the VH+ and VH− groups: diagnosis, disease duration, age, sex, education, and MoCA. A *p* value of less than 0.05 was considered statistically significant.

Ethical considerations {#sec011}
----------------------

The participants were selected from a register-based health care system database in Taiwan. The study design was retrospective, and the data were analyzed anonymously. The Committee for Medical Research Ethics of Show Chwan Memorial Hospital reviewed the study, and the Data Inspectorate approved it.

Results {#sec012}
=======

A total of 197 individuals were examined, including 124, 35, and 38 patients with AD, PDD, and DLB, respectively. Among all patients, 104 (52.8%) were female, and 93 (47.2%) were male. [Table 1](#pone.0205909.t001){ref-type="table"} presents the demographic data of the three dementia groups. Comparisons of clinical and neuropsychiatric data revealed that the PDD group had a longer disease duration (*f* = 36.93; *p* \< 0.001) and a higher rate of antiparkinsonian drug use (*f* = 53.17; *p* \< 0.001). The DLB group had a significantly higher frequency of VHs compared with other groups (DLB = 31.6%; PPD = 11.4%; AD = 4.0%; *f* = 23.20; *p* \< 0.001). It also had a higher total NPI score (*f* = 15.56; *p* \< 0.001) and a higher rate of REM sleep behavior disorder (RBD; *f* = 62.66; *p* \< 0.001). Both the PDD and DLB groups had a higher rate of abnormal dopamine transporter uptake (DaT abN; *f* = 28.41; *p* \< 0.001)

10.1371/journal.pone.0205909.t001

###### Comparison of demographic data among the PDD, DLB, and AD groups.

![](pone.0205909.t001){#pone.0205909.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                          PDD                    DLB                   AD                     *f*/*χ*^2^   *p*       Post hoc/\
                                                                                                                                                     paired comparison
  ------------------------------------------------------- ---------------------- --------------------- ---------------------- ------------ --------- -------------------
  *N*                                                     35                     38                    124                                           

  Age, year (SD, range)                                   72.8 (8.4, 51--85)     74.1 (9.2, 49--92)    74.9 (8.6, 54--91)     0.84         NS        PDD = DLB = AD

  Female, *N* (%)                                         16 (45.7)              16 (42.1)             72 (58.1)              3.83         NS        PDD = DLB = AD

  Education, years (SD, range)                            5.9 (4.3, 0--16)       5.1 (4.7, 0--16)      5.8 (3.6, 0--16)       0.48         NS        PDD = DLB = AD

  Disease duration, years (SD, range)                     7.1 (5.9, 1.0--30.0)   1.9 (1.8, 0.1--8.0)   2.1 (2.2, 0.1--15.0)   36.93        \<0.001   PDD \> DLB = AD

  CDR-SB (SD, range)                                      2.9 (0.7, 1.5--4.5)    2.8 (1.0, 1.5--6.0)   2.6 (0.8, 1.5--4.5)    2.52         NS        PDD = DLB = AD

  MoCA (SD, range)                                        15.6 (8.4, 6--28)      15.2 (5.7, 6--28)     15.8 (5.9, 4--28)      0.17         NS        PDD = DLB = AD

  CASI (SD, range)                                        71.3 (11.8, 53--93)    73.8 (10.1, 51--93)   73.0 (11.6, 40--94)    0.45         NS        PDD = DLB = AD

  NPI sum (SD, range)                                     3.9 (3.9, 0--14)       10.6 (9.1, 0--41)     4.3 (5.8, 0--29)       15.56        \<0.001   DLB \> PDD = AD

  CHEIs, *N* (%)                                          1 (2.9)                3 (7.9)               17 (13.7)              3.75         NS        PDD = DLB = AD

  Antipsychotics, *N* (%)                                 5 (14.3)               3 (7.9)               11 (8.9)               1.08         NS        PDD = AD = DLB

  Antiparkinsonians, *N* (%)                              16 (45.7)              7 (18.4)              1 (0.8)                53.17        \<0.001   PDD \> DLB \> AD

  VH, *N* (%)                                             4 (11.4)               12 (31.6)             5 (4.0)                23.20        \<0.001   DLB \> PDD = AD

  Fluctuation, *N* (%)                                    1 (2.9)                12 (31.6)             8 (6.5)                22.00        \<0.001   DLB \> PDD = AD

  Parkinsonism, *N* (%)                                   35 (100)               32 (84.2)             9 (7.3)                140.45       \<0.001   PDD = DLB \> AD

  RBD, *N* (%)                                            7 (20.0)               22 (57.9)             4 (3.2)                62.66        \<0.001   DLB \> PDD \> AD

  DaT abN, *N* (%)[\*](#t001fn003){ref-type="table-fn"}   21 (100)               13 (81.3)             0 (0.0)                28.41        \<0.001   PDD = DLB \> AD
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------

PDD: Parkinson's disease dementia; DLB: dementia with Lewy bodies; AD: Alzheimer's disease; NS: nonsignificant.

CDR-SB: sum of boxes on the clinical dementia rating Scale; CASI: Cognitive Abilities Screening Instrument; MoCA: Montreal Cognitive Assessment; NPI: Neuropsychiatric Inventory; CHEIs: currently using cholinesterase inhibitors (CHEIs); Antipsychotics: currently using antipsychotics; Antiparkinsonians: currently using antiparkinsonians; VH: visual hallucinations; RBD: REM sleep behavior disorder; DaT abN: abnormal uptake in dopamine transporter imaging.

\*Number of patients receiving DaT in the PDD, DLB, and AD groups was 21, 16, and 5, respectively.

[Fig 1](#pone.0205909.g001){ref-type="fig"} illustrates different associations of major clinical features for DLB diagnosis between the VH+ and VH− groups. The VH+ group had a significantly higher rate of cognition fluctuation (*χ*2 = 25.59; *p* \< 0.001) and RBD (*χ*^2^ = 16.06; *p* \< 0.001).

![Comparison of frequency of clinical features between VH+ and VH− patients.\
VH: visual hallucinations; RBD: REM sleep behavior disorder; DaT abN: abnormal dopamine transporter uptake. \* *p* \< 0.05.](pone.0205909.g001){#pone.0205909.g001}

[Table 2](#pone.0205909.t002){ref-type="table"} presents the results of a multivariable logistic regression test for the association of positive VHs, revealing that a DLB diagnosis was the only independent predictor of VHs (odds ratio (OR): 13.62; *p* \< 0.001).

10.1371/journal.pone.0205909.t002

###### Multivariate risk estimates (ORs) for the VH+ group (*n* = 21, 10.7%) compared with the VH− group (*n* = 178, 89.3%).

![](pone.0205909.t002){#pone.0205909.t002g}

  Characteristics                    No (%)       OR (95% CI)           *p*
  ------------------------- -------- ------------ --------------------- ---------
  Diagnosis                 DLB      38 (19.3)    13.62 (3.50--53.15)   \<0.001
                            PDD      35 (17.8)    2.93 (0.60--14.30)    NS
                            AD       124 (62.9)   1                     
  Disease duration, years   ≤3       116 (58.9)   0.79 (0.23--2.69)     NS
                            \>3      81 (41.1)    1                     
  Sex                       Female   104 (52.8)   2.91 (0.87--9.71)     NS
                            Male     93 (47.2)    1                     
  Age, year s               ≤75      100 (50.8)   0.55 (0.10--1.24)     NS
                            \>75     97 (49.2)    1                     
  Education, years          ≤5       71 (36.0)    0.81 (0.59--1.11)     NS
                            \>5      126 (64.0)   1                     
  NPI                       ≤4       119 (60.4)   0.47 (0.16--1.40)     NS
                            \>5      78 (39.6)    1                     
  MoCA                      ≤15      95 (48.2)    1.47 (0.40--5.40)     NS
                            \>15     102 (51.8)   1                     

OR: Odds ratio; VH: visual hallucinations; CI: confidence interval; NS: nonsignificant; DLB: dementia with Lewy bodies; PDD: Parkinson's disease dementia; AD: Alzheimer's disease; NPI: Neuropsychiatric Inventory; MoCA: Montreal Cognitive Assessment.

The presence of other types of hallucinations, namely, auditory (19% versus 2.3%) and crawl (4.8% versus 0%), was significantly higher in the VH+ group than in the VH− group. No nonvisual hallucinations were found in either other group. One or more psychiatric symptoms were reported in 85.7% of the VH+ group and 69.3% of the VH− group. [Fig 2](#pone.0205909.g002){ref-type="fig"} presents a comparison of the 12 NPI items between the two groups. The VH+ group had a significantly higher occurrence of other hallucinations (*χ*^2^ = 25.90; *p* \< 0.001) and apathy (*χ*^2^ = 16.89; *p* \< 0.001).

![Comparison of frequency of each NPI domain between VH+ and VH− patients.\
\# Hallucination in nonvisual domain. \* *p* \< 0.001.](pone.0205909.g002){#pone.0205909.g002}

Discussion {#sec013}
==========

Relatively few studies have directly compared the manifestations of neuropsychiatric symptoms of DLB with those of other dementia types in the early disease stage \[[@pone.0205909.ref018], [@pone.0205909.ref019]\]. In this study, the AD, PDD, and DLB groups were well matched in terms of age and degree of cognitive impairment at baseline. One major finding of this study was that patients with DLB had significantly higher NPI scores and higher rates of VHs and RBD. These results highlight how common visuoperceptual disturbances are in early DLB compared with other degenerative dementias. Moreover, our findings are useful for distinguishing DLB from AD and PDD in extremely early disease stages.

We also found that patients with very mild dementia caused by DLB had significantly higher total NPI scores than those with PDD and AD, despite all three groups of patients having similar cognitive and baseline CDR scores. This suggests that caregivers of patients with DLB had higher distress levels from the more severe NPSs associated with DLB, a finding consistent with other published data \[[@pone.0205909.ref020], [@pone.0205909.ref021]\]. In a clinicopathological study, patients with MCI who subsequently developed DLB had more frequent delirium and VHs compared with patients who developed AD \[[@pone.0205909.ref022]\].

Comparison of the clinical presentation among patients with or without VHs in our study yielded other notable findings. In the NPI individual domain, the VH+ group had significantly higher scores for apathy (*p* \< 0.001) than the VH− group. In addition, patients with DLB exhibited a significantly greater severity of delusions, hallucinations, anxiety, and sleep disturbances than those with AD and PDD. These findings were consistent with those of other studies \[[@pone.0205909.ref023], [@pone.0205909.ref024]\].

Peavy et al. \[[@pone.0205909.ref025]\] found that patients with LBD could have another common neuropsychological deficit of executive impairment and behavioral manifestations of frontal lobe dysfunction. They hypothesized that frontal-subcortical circuits associated with frontal lobe behaviors were affected early in AD but in later stages of DLB, which could aid in differentiating these two diseases. "Moderately demented patients with DLB were rated as exhibiting more apathy, behavioral executive dysfunction, and disinhibition than mildly demented DLB patients, whereas behavioral ratings did not diverge based on dementia severity in the AD." \[[@pone.0205909.ref025]\]. This diverges from our study's finding that apathy was prominent even in the very mild dementia stage, which was also consistent with the study by Donaghy et al. \[[@pone.0205909.ref026]\], who demonstrated much higher apathy and greater executive dysfunction in the predementia stage of DLB than in that of AD. Therefore, we disagree with the hypothesis that frontal-subcortical circuits associated with frontal lobe behaviors are not affected early in DLB.

Several methodological issues limit the interpretation of this study's results. First, the diagnosis was made solely on a clinical basis without histopathological confirmation; therefore, some uncertainty necessarily exists about the degree of misclassification. In addition, we only used parkinsonism, fluctuations, and RBD as primary diagnostic features. Because this does not completely reflect how patients are diagnosed according to the McKeith criteria, it could be problematic and result in biased diagnoses of DLB. Second, the study design might have been suboptimal because behavioral disturbances can fluctuate and may not be present at every examination.

In conclusion, our findings revealed that VHs had a high diagnostic value in very mild degenerative dementia. VHs were highly associated with DLB in this stage of dementia, with more than 30% of patients with very mild dementia caused by DLB presenting with VHs. Further study is warranted to confirm the clinical utility of VHs in differentiating patients with very early degenerative dementia.
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